Index

action functional, 160
action principle, 157, 160
admissible elements, 143
admissible states, 77
affine vector field, 79
algae dynamics, 82
asymptotic stability, 113
asymptotically robust, 128
asymptotically structurally stable, 128
atomic bomb, 17

attractor, 120

autonomous system, 79

Barcelona, 147

basic laws, 37
bead-spring model, 172
bead-spring system, 9
Bernoulli equation, 196
body forces, 64
boundary conditions, 78
boundary layer, 132
Boussinesq assumption, 36
Brillouin, 87

Brownian motion, 180
Brusselator, 24
Buckingham, 11

car flow, 39

carrier wave, 107, 206
Carthago, 142
catapulting, 12
catenary, 145, 149, 158
centro-velocity, 109
chemical reaction, 24
chill roll, 184

classical mechanics, 157
climate control, 116

233

collective coordinates, 144
collocation, 166
conservation principles, 37
conservative mode, 105
conservative system, 160
constitutive relations, 37
contact forces, 64
continuity equation, 59
continuous models, 38
contraction, 70
contraction of tensors, 62, 77
critical states, 79

delta function, 102
delta-function, 29
density, 38

dependent, 76

Dido, 142

die, 184

diffusion equation, 50
dimensional analysis, 10
Dirac, 102

directional derivative, 95
Dirichlet-to-Neumann operator, 202
discrete model, 38
disperion, 194
dispersion relation, 105
dispersive wave equation, 109
dissipative mode, 105
distribution, 38

DNA molecules, 171
domain of attraction, 120
drop tracks, 19

duality method, 143
dyadic product, 63

effective boundary conditions, 215
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effective index, 217
eigenfunctions, 97
eigenvalue equation, 97
eigenvalues, 97

elastic behavior, 52
entangle, 68

envelope equation, 207
equation of sate, 65
equilibrium states, 79
Euler, 142

Euler equation, 66
Euler equations, 196

Euler-Lagrange equation, 155, 160

extra stress tensor, 63

fading memory, 86
feasible states, 77
Fermat’s algorithm, 153
Fermat’s principle, 142
fiber spinning, 184

field, 38

finite element method, 151
finite elements, 167

first variation, 154

fluid potential, 194
Fourier integral, 104
Fourier integrals, 101
Fourier series, 97, 164
Fourier transform, 104
Fourier’s law, 50

Frechet derivative, 95

free surface equation, 196
frequency, 105

Froude number, 22
fundamental dimensions, 7

Gaudi, 147

Gauss divergence theorem, 64
Gauss theorem, 59

Gaussian profile, 150
generalized function, 102
generalized Newtonian flow, 67
Generalized Poiseuille flow, 68
geometrical optics, 213
gravitational force, 37

group velocity, 107, 207

guided modes, 214

Hamilton equations, 161, 198

Hamiltonian, 157, 161, 198

hanging chain, 145

harmonic oscillator, 8, 16, 76, 161

heat balance, 40

heat conduction, 29

heat conduction in one dimension, 42

heat conductivity, 50

heat conductivity coefficient, 61

heat diffusion equation, 30

heat diffusion in a rod, 98

heat diffusion in an infinitely long rod,
106

heat equation, 50

heat flux, 43

Helmbholtz equation, 212

Helmholtz functional, 212

high-dimensional modeling, 150

homogeneous boundary conditions, 78

Hooke’s law, 53

Huygens, 142

hydrostatic pressure, 62

incompressibility condition, 60
incompressible flow, 60

independent, 76

inertia force, 9

inhomogeneous boundary conditions, 78
inner product, 59

instability, 113, 123

integrated optics, 211

irrotational flow, 193

Jacobi conditions, 198

KdV-equation, 32, 206

Kelvin model, 54

kinematic relation, 72

Korteweg and De Vries, 32
Korteweg-de Vries equation, 32, 206
Kramer, 87

Lagrange, 143
Lagrange multiplier, 153
Lagrange’s lemma, 59
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Lagrangian, 157, 160

laminar flow, 68

landslide, 193

Laplace equation, 196

Laplace operator, 61

least squares method, 143
Leibniz, 153

lemma of Lagrange, 41

light propagation, 88
Lindstedt’s method, 139

linear model, 79

linear vector field, 79
linearization, 86, 123
linearization of PDE, 96

long wave approximation, 204
low-dimensional modeling, 150
Luke’s variational principle, 195
Lyapunov stability, 113

mass balance, 40

mass flux, 41

mass matrix, 160

matched asymptotic expansions, 133
material time derivative, 59
mathematical model, 7
mathematical swing, 14
matrix-vector product, 62
Maupertuis, 142

Maxwell equations, 37, 212
Maxwell model, 54, 68
memory, 56, 57

modes, 105

modulation, 107
momentum equation, 64
monochromatic modes, 105
monomers, 171

natural boundary condition, 141, 158
Navier Stokes equation, 65

Newton, 143

Newton equation, 161

Newton’s law of cooling, 50
Newtonian flow, 65, 188

normal stress, 61

optics, 211

optimality, 142

orbital stability, 121

orbital stability, asymptotic, 121
Osborne Reynolds, 20

parameters, 7, 76

particular solution, 85
pendulum of varying length, 88
period, 105, 121

periodic boundary conditions, 102
phase boundaries, 44

phase shift, 122

phase velocity, 105

pi-theorem of Buckingham, 11
plane waves, 104

Poiseuille flow, 66

Poiseuille velocity profile, 67
Poisson system, 198

pollution of water, 135
polymer dynamics, 177
polymer solutions, 67
polymeric melts, 63

polymers, 171

population dynamics, 138
Poynting identity, 221
Prandtl-Blasius problem, 26
principle of minimal potential energy, 144
profile, 38

projecting out, 100
propagation constant, 217

rate of deformation tensor, 65
Rayleigh quotient, 164
reduced equation, 132
refractive index, 212
relaxation time, 54
resonance, 116

rest states, 79

Reynolds number, 20
Ritz-Galerkin method, 163
robust, 128

robustness, 111, 127
Rouse model, 172

Sagra Familia, 147
scaling, 23
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second law of Newton, 8, 9, 37
second law of thermodynamics, 50
sedimentation, 45
self-adjoint, 96

separation of variables, 100
shallow water, 73

shallow water equations, 204
shear rate, 26, 68

shear stress, 61

shear thinning, 68

ship modeling, 21

shock fronts, 44

shock wave, 18

single integral problems, 156
singular perturbation, 131
singular states, 79

slow variations, 87

Snell’s law, 142, 214
solitons, 158

sparsity, 170

spectrum, 98

stability, 112

stability, asymptotic, 120
stability, Lyapunov, 120
state, 76

state space, 77

stationary states, 79

steady states, 79

strain, 53

streamline, 60

stress tensor, 61

stretched region, 133

strong formulation, 155
structurally stable, 128
structurally unstable, 128
Sturm-Liouvile problem, 157
Sturm-Liouville, 164
Sturm-Liouville problems, 168
swinging pendulum, 14

tapered waveguide, 220

Taylor G.I., 17

tectonic plate, 193

tent functions, 152

thermal conductivity, 29, 50, 61
total time derivative, 59

traffic flow, 137

traffic jam, 47

train speed, 19

transient solution, 115

transition region, 132

translation equation, 35, 48

transparent influx boundary conditions,
223

transport theorem, 58, 59

tsunami, 193

variables, 7, 76

variation of constants formula, 84
variational accuracy, 164
variational derivative, 95, 154
variational structure, 156

vector field, 79

vibrating string, 177

viscoelastic behavior, 53
viscosity, 20, 26, 53, 65, 188
viscous behavior, 53

water waves, 30, 193
wave equation, 74, 81
wave group, 206

wave length, 105
wave number, 105
wave package, 108
wavegroup, 108
waveguide optics, 213
weak formulation, 155
weather forecasting, 7
Wentzel, 87

William Froude, 22
WKB method, 87, 220
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